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APPENDIX A
COMPARISON OF DESIGN METHODS

CRITIQUE OF HORNER SWALE DESIGN METHODOLOGY BY GARY MINTON

Minton’s Method uses the approach by Horner but with certain differences.
Minton believes that the primary determinant of performance is surface area,
rather than length of the biofilter, as indicated by the research of Professor Barfield
at the University of Kentucky. Therefore, within the constraints of proper flow
distribution at the end of the biofilter, the biofilter can be configured as desired to
fit the site.

Also, since performance is a function of detention time, the area of the
biofilter should be increased with increasing slope, reflecting that higher velocity
and shorter detention time with increasing slope. However, Manning’s Equation,
does the opposite; the channel narrows with increasing slope and with a constant
length of 200 feet, the biofilter surface area is decreased rather than increased as the
slope is increased.

Minton’s Method also is based on the belief that a Manning’s n of 0.10 is too
low for the conditions of interest; research with shallow sheet flow in thick grasses
suggests the n value should be somewhere between 0.20 to 0.60.

Finally, because of the considerable uncertainty of the effect of filter
geometry and highly variable turf grass quality on performance, and the
uncertainty about what is the appropriate value for n, Minton’s Method is based on
a view that it is pointless to have design engineers and plan reviewers spend time
on sizing calculations. Their time is better spent on those aspects of design that
relate to facility integrity, flow spreading, energy dissipation at the inlet, etc.

Given these uncertainties it seems valid to define an “average filter area” that
will be satisfactory. The figure of 500 ft2/impervious acre is based on a series of
calculations using Manning’s Equation for different slopes and two values of n,
0.30 and 0.40. The calculations were done for a one-acre site with the peak rate of
0.20 cfs. The areas for the different situations varied from about 260 ft2 (n=0.30;
slope=5 percent) to about 1,00 ft2 (n=0.40; slope=1 percent). A value of 500 ft2 was
selected. The area requirement can be used for both swales and filter strips.
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COMPARISON OF BIOFILTRATION PROJECT DESIGN METHODS

Summary of Approach Differences

esign = Exact Manning Equation
Manning Equation
Swale Shape Parabolic or trapezoidal Not specified Trapezoidal or
rectangular
Swale Slope 2to 4 percent (<2 or>4 2to 5 percent (<2 or>5 Design assuming
with special provisions) _ with special provisions) 2 percent
Flow Depth Free choice Assumes 4 inches 1 inch urban, 4 inches
rural (8 inches wetland
veg.)
Manning’s n Choose based onveg.  Assumes 0.3 to 0.4 Use 0.35
and depth (usually 0.05
t0 0.1)
Basis for Filter Strip Treates as shallow, Not covered Rule of thumb
rectangular swale

Design Differences

The following are design cases:

* Contributing areas—range from 1 to 50 acres, assumed to be
100 percent impervious

¢ Contributing areas slopes—2 and 15 percent

* Design flow rate calculation basis—King County’s Modified
Rational Method, with contributing areas assumed to be square
with longest travel path along side for time of concentration
estimation

* Flow depths—1 and 4 inches

* Comparison made on the basis of swale top width times length
(T » L) required. (Note: All methods are based on L=200 feet, or

proportional enlargement of T if L if less than 200 feet.)

* Calculations made for both the Horner approximate method and
the exact method for space-limited conditions.




The following are design results:

l1a 1,2 0.57 1 4,740 1,446 — 11,900
1b 4 464 360 500 1,500
2a 5 2 2.8 1 23,280 7,012 —_ 58,200
2b 4 2,280 1,793 2,500 6,200
3a 20, 2 9.9 1 82,320 24,867 —_— 205,000
3b 4 8,060 6,324 10,000 21,000
4a 50, 2 18.9 1 157,160 47,349 —_— 392,600
4b 4 15,380 12,072 25,000 39,600
Sa 1,15 0.57 1 4,740 1,446 — 11,900
5b 4 464 360 500 1,500
6a 5,15 2.8 1 23,280 7,012 —_ 58,200
6b 4 2,280 1,793 2,500 6,200
7a 20,15 11.2 1 93,140 28,120 —_ 232,600
7b 4 9,120 7,153 10,000 23,600
8a 50,15 28.4 1 236,200 71,205 —_ 590,000
8b 4 23,120 18,108 25,000 59,400
Conclusions

The Minton and King County methods result in larger swales than either
Horner method. With contributing area less than or equal to 5 acres the Minton
and approximate Horner methods differ by less than 10 percent. In this case, the
difference between the Minton and exact Horner methods is about 40 percent. The
differentials grow to more than 60 percent (Minton versus approximate Horner)
and more than 100 percent (Minton versus exact Horner) as the size and slope of
the contributing area increase).

The King County method results in swales greater than or equal to 150
percent as large as those produced by the approximate Horner method at both flow
depths. Comparing the King County and exact Horner methods, swales designed
by the former method are more than seven times as large at the shallower flow
depth an more than twice as large at the 4-inch depth. Velocities in the King
County swales are less than 0.3 feet per second, compared to 0.4 to 1.1 feet per
second in swales designed by the approximate Horner method and nearly 1.5 feet
per second in those designed by the exact Horner method. These large differences
are because of the stipulation by King County that n=0.35 be used in design. The
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limit in depth to 1 inch in urban areas would also make swales much larger than
they would have to be.

The 200-foot-long I-5 swale that was the site of the original biofiltration
work drained an area of 1.2 acres. For that area and flow at 4 inches depth, the
approximate Horner method gives T=2.8 feet, which is approximately the width of
that swale. The King County method yields T=9 feet at the same depth and length.
The actual swale produced consistent 80 percent removals of total suspended solids
and lead and 60 percent reductions of copper and zinc. Therefore, the very large
swale designed by the King County method is clearly not needed to achieve high
treatment efficiencies.
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APPENDIX B
DESIGN DETAILS FOR H-FLUME AND FLOW SPLITTER

48TH AVENUE W BIOSWALE DESIGN

Design Assumptions

Depth Y: 3 inches=0.25 feet
Manning’s n: 0.07
Side slope: 3 horizontal:1 vertical

Longitudinal slope:

Design storm:

Hydrologic Computation

Total precipitation for the
2-year, 24-hour design
storm:

Total drainage area:
Total pervious area:

Total impervious area:

Estimated time of
concentration:

Runoff estimation using
Soil Conservation
Service (SCS) method:

From the hydrograph
(Figure B-1):

s=3 percent

2 years, 24-hour storm

1.5 inches
(Figure 3.5.1c, King County Surface
Water Design Manual)

A=135.6 acres (calculated)
Ap=9.1 acres

Aj=6.5 acres

t.=25 minutes

CN (pervious) 77

CN (impervious) 98 (King County
Surface Water Design Manual,
Table 3.5.2B)

peak discharge (Q - peak)=1.72 cfs
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Hydraulic Design

Equation 1:

V= % R2/3 s1/2 (Manning’s Velocity Equation)

Where:

V = velocity in (fps)

n = Manning’s n (dimensionless), channel roughness factor
R = hydraulic radius (feet)

s = longitudinal slope

Q=AV

Equation 1 is multiplied by A on both sides

1.49
= —=2 A R2/3 /2
Q=== AR?3 sV

Manning’'s equation for a trapezoidal cross-section can be
simplified as:

Q+*n
b=y4gg+viserasiz - ZY
1.72 = 0.07
b= 1.486 * (0.25)1.667 « (0.03)172 - 3+0.25
b = 3.96 feet

selecting b = 4 feet

Check for Velocity
Area—A: A=bY+2ZY2
A=4+0.25+ 3+ (0.25)2
A = 1.187S square feet
Velocity—V: % = Tll_g% = 1.45fps

Actual velocity V is less than the maximum design velocity
(1.5 fps).

Because the actual velocity and the maximum permissible
velocity are very close, the bottom width is increased by one




additional foot to reduce the actual velocity. Therefore, the
bottom width to be used is 5 feet.

A=5+0.25 + 3 * (0.25)2
A = 1.43735 square feet

Q 172
V=—=m= 1.2<1.5fps ok

Because storm events larger than 2-year, 24-hour storms will
bypass the swale, checking for stability for the 100-year, 24-hour
storm will not be required.
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Figure B-1. Hydrograph Plot for 2-Year, 24-Hour Storm Event
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DESCRIPTION OF H-FLUME CONSTRUCTION AND INSTALLATION

Inflow and outflow at the study site were measured using two standard
H-flumes with a vertical range of 0 to 1.5 feet, and a discharge range of 0 to 5.42
cubic feet per second. The flumes and approach channels were constructed of
varnished 0.75-inch AC plywood using dimensions from Leupold and Stevens
(1987). The trailing edges of the flumes were faced with aluminum plate to
provide consistent flow control surfaces.

Each flume was fitted with a 4-inch by 2.5-foot ABS stilling well to allow for
the installation of water-level measuring equipment. The stilling wells were
connected to the flumes at the specified measuring point using approximately
0.5 feet of 0.5-inch internal-diameter (I.D.) plastic fuel-line tubing.

The inflow to the upstream flume was through a 1.0-foot 1.D. smooth
Plastic pcv pipe which protruded approximately 0.2 feet through the upstream
end wall of the flume. The flume was set so that the approach section and control
structure floor had a slope of less than 0.01. A piece of aluminum sheet
approximately 1-foot by 2.5-feet weighted with 6-inch quarry spall was placed
beneath the flume outfall as an energy dissipater.

The downstream flume was installed directly in the swale with plywood
cut off walls on either side of the approach opening (Figure B-2). Discharge
beneath the flume was prevented through the installation of a filter fabric apron
nailed to the approach section floor and carefully tucked beneath the adjacent
sod. As with the upstream flume, the approach and control were set so that the
floor had little or no slope.
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Location of sample intake

a, Upstream flume (screwed to floor of flume)
""'\ 12” ID Inflow _
H 55 gallon ‘drum for sampler

N
NS
4" diameter A.B.S. pipe stilling well
with capacitive probe
\‘\\f/ Inlet to stilling well
-~ {\\I,

W 8
-\l Energy dissipation é NSV

(Aluminum plate
with quarry spalls)

SWALE Al
) \A\”f. N [

Storm drain

Figure B-2, Placement of H-Flume in Swale
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The following exerpts and diagrams are from Stevens Water Resources Data
Book, 1987.

In the mid 1930s, there was a need to measure flows,
with a reasonable degree of accuracy, from small agricultural
watersheds and experimental plots. To meet this need, the
U.S. Department of Agriculture developed the H-type flume.
There are three types of H-flumes: HS flumes to measure small
flows having maximum flow rates from 0.08 to 0.82 cfs; HL
flumes for large flows with maximum flow rates from 20.7 to
117.0 cfs; and H flumes, which are probably used more
frequently, for the mid-range with maximum flow rates from
0.35 to 31.0 cfs.

The design of H-type flumes uses features of both flumes
and weirs. The bottom is flat and unobstructed like a flume so
silt and sediment will pass through more freely, However, the
flow is controlled so it can be measured, by discharging
through a sharp-edged opening like a weir, that is cut at an
angle sloping back against the oncoming flow. In fact, H-type
flumes are more weir than flume. Flume size is determined by
the depth or height of the flume at its entrance-dimension D
in Figure B-3.

The approach channel for an H-type flume should be
rectangular with similar depth and width as the flume and a
length of 3 to 5§ times the depth of the flume. Discharge
through the downstream end should spill freely. The bottom
of the flume should be level from intake to outflow

(Figure B-4).




/l/ "
POINT OF
HEAD MEASUREMENT ——»
DIMENSIONS IN FEET FOR H FLUMES
HS 0.63 | 0.79 ]| 0.95 1.26 | 1.58
AlH 0.81 1.22 1.62 j 2.43 ) 3.25] 4.06 | 4.87
HL 4241 530 6.36| 7.42] 8.48
HS 0.42 | 0.53 | 0.63 0.84 ] 1,05
B{H 0.63 0,95 1.26 | 1.89} 2.52{ 3.15{ 3.79
HL 2653541442 530] 6.19] 7.07
HS 0.02 | 0.025¢ 0.03 0.04 | 0.05
Ci{H 0.05 0.075 0.10 10.157 0.20 § 0.251 0.30
HL 03030401050} 0.60) 0.70] 0.80
HS 0.42 | 0.53 [ 0.63 0.84 | 1.05
EH 0.36 0.54 0.72 | 1.08 } 1.44 | 1.80] 2.16
HL 141§ 1.77] 2.12} 2.47] 2.83
HS 0.60 | 0.75 | 0.90 1.20 | 1.50
Fi{H 0.68 1.01 1.35 12.03]2.70 | 3.38 ] 4.05
HL 2.25]|3.00]|3.75] 4.50| 5.25{ 6.00
HS 0.42 | 0.53 | 0.63 0.84 | 1.05
G|H 0.95 1.43 190 12.8513.80(475] 5.70
HL ~ 1640 }8.007 9.60 111.20112.80
HS 0.15 | 0.19 | 0.23 0.31 { 0.38
WiH 0.55 0.83 1.10 | 1.65 ] 2.20 ] 2.75] 3.30
HL 44 |55 | 6.6 7.7 8.8
MAXIMUM CAPACITY OF FLOW THROUGH H FLUMES (in CFS)
D — Flume Size In Feet
0.4 051061075708 ] 10 15] 201 2.5 301 351 4.0
HS flume 0.085 | 0.14} 0.23 0.47 ] 0.82
H flume 0.35 0.97 1.99 15491 11.3] 19.7] 31.1
HL flume 20.71 362 57.0| 83.9]117.0

Figure B-3. H-Flume Dimensions and Capacity Flow
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B-11



FLOW SPLITTING METHODOLOGY—48TH AVENUE W BIOSWALE

The testing of the hypothesis regarding the effectiveness of a 100-foot-long
swale versus a 200-foot-long swale required that the flow into the swale be
reduced by one half of its previous amount. The device chosen to perform this
splitting of flows was the sharp-edged weir (Figure B-5).

Two weirs were installed at the same elevation inside the flow diversion
manhole upstream of the swale. The inside of the manhole was modified to form
a “level pool” for the routing of the flows. One weir was installed as a vertical
riser pipe in a 90-degree pipe elbow. Here the horizontal end of the pipe elbow
was cemented to the inside wall of the 48-inch diameter manhole and into the
pipe outlet that runs to the swale. The other weir, in the form of a plate with a
horizontal crest, was fastened over the street outlet. The elevation of the two
weirs’ crests could be made the same by observing the depth of flow over each
weir crest and adjusting the riser pipe as needed.

The following describes the two different empirical formulas that were
used to predict and design the flow splitting device that was installed in the
manhole on 48th Avenue W in Mountlake Terrace. The device chosen is fully
constrained, sharp-edged weir. This presentation compares the calculated flows,
for a given height above the crest, as determined by two empirical formulas. The
maximum design flow to be split is 2.0 cfs. Flow more than this amount would
not be split evenly.

The first equation used is for a notched weir that comes from King County
Stormwater Management Manual for a circular drain (vertical pipe) in the fully
constrained condition, where all angles of the notch are 90 degrees. The
following coefficients are described. All dimensions are given in feet except
where noted.

I=1..16

L=1S§

Py =5.050 + H;
Hy=1+0.025 + 0.200

Ci =3.270 + 0.400 * (Hy/Pp)
Q=C;*(L-0.2H)) * (H)!S
Where:

I = iterations
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H = height of flow from sharp-edged weir crest
P = height from invert of outlet to sharp-edged weir flow height
C = empirical formula coefficient

L = total length of both sharp-edged crests, L/2 is the arc length of
the circular drain edge (which is not to exceed 50 percent of the

circumference)

Q = flow rate in cubic feet per second

For the sake of comparison, the water is started at a height of 0.2 feet above
the sharp-edged crest and the discharges are calculated for the two types of weirs.
The results are shown in Table B-1.

The second method chosen is known as the “Alternative Weir Formula”
from the U.S. Bureau of Reclamation. It is used to describe the flow over the thin
plate weir in covering the outlet to the street.

Where: Qp=CeLe(He)3/2
Qp = discharge in cubic feet per second over the thin plate weir
Ce = a discharge coefficient
Le=L+kb
He=H+kh=H +0.003
J = iterations
and
L = measured length of the weir crest in feet
B = width of approach channel
H = head measured above the weir crest in feet
kb = correction factor for weir length related to channel geometry

kh = correction factor for weir head of water flow

Start by providing measurements or ranges of values:
J=1.16 B=4.00 (L/B) =0.38 Hej = -Hj + 0.003

From the graph of Figure 16, page 38, the L/B ratio yields a value of:
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kb=0.008 and Le=L+kb

Using Figure 17, page 39, to derive Ce, where:
Cej = 3.220:0.400 * (Hj/Py)

The discharge equation can now be written for Q where:
Qpl = [Cei e (Hei)l.S]
The values for discharge for the King County weir formula (Q)) and the

Bureau of Reclamation formula (Qpj) are displayed with their respective water
height at the weir crest (Hj, Hej) in Table B-1.

Table B-1. Weir Formula Discharge Values
0.25 0.77
0.28 0.89
0.30 1.01
0.33 1.14
0.35 1.28
0.38 1.42
0.40 1.56
0.43 1.7
0.45 1.86
0.48 2.02
0.50 2.18
0.53 2.34
0.55 2.51
0.58 2.69
0.60 2.86
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Figure B-5. Flow-Splitter Design Details
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